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Synthetic Aml ica t ions  of Nitronium Tetrafluoroborate 

By R. E. Olsen, D. W. Fish and E. E. Hamel 
Aero je t -Genera l  Corporat ion 

Sac r amen to ,  Cal i fornia  

Nitronium te t ra f luorobora te  has been shown t o  be a v e r s a t i l e  n i t r a t i n g  
agant f o r  nitrogen compounis, giving the  corresponding N-nitro der iva t ive  when 
reacted with secondary a l i p h a t i c  amines, an a c y l  a l i p h a t i c  amine, a carbamate e s t e r :  
a d i acy l  amine and primary amides. Reaction of secondary a l i p h a t i c  n i t rona te  salts 
wif4h nitronium te t ra f luorobora te  gave mixtures of t he  m - d i n i t r o  alkane and psuedo- 
n i t ro l e ,  while treatment of secondary a l i p h a t i c  n i t rona te  salts with nitrosonium 
te t ra f luorobora te  yielded only the  corresponding psuedonitrole. 

I n t e r e s t  i n  t h e  chemistry of s t ab le  nitronium salts, such as N02BF4> M2AsFCB 

D2PtF6 and (M2)2si.p69 has been aroused by recent  publications of Olah and co-workers 

concerning the preparation and use o f  such salts as n i t r a t i n g  agents f o r  alcohols' and 

b r o r n a t i c ~ . ~ ~ ~  During a n  inves t iga t ion  i n t o  t h e  mechanism of aromatic n i t r a t i o n ,  t h e  

perchlorate,  s u l f a t e  and f luo rosu l f a t e  nitronium salts were prepared and t h e i r  i o n i c  

nature established spectr~photometrically;~ 

s u f f i c i e n t l y  stable t o  allow their use as n i t r a t i n g  agents. 

reported synthe t ic  appl ica t ions  of nitronium salts t o  other types of organic compounds; 

this paper r epor t s  on the use of nitronium te t ra f luorobora te  t o  n i t r a t e  severa l  amines, 

however, these materials were not 

There appear t o  be no 

4mine der iva t ives  and a lky l  n i t rona te  salts. 

The ease of preparation and s t a b i l i t y  of nitronium te t ra f luorobora te  has made 

i t  the  e t ron ium salt of choice during our investigations.  No d i f f e rence  i n  y ie lds  

"':::,.:: been observed as due t o  a n  e f f e c t  of d i f f e r e n t  anions i n  nitronium salts;2 hence, 

results similar t o  those reported here would be expected through.employment of o ther  

s a b l e  'riit.ronium 'salts. 

3x-e the exdclusion of moisture .(which hydrolyzes the  salt t o  n i t r i c  ac id)  and the 

The only spec ia l  requirements f o r  the use of nitronium salts 

se l ec t ion  of a solvent which does not r e a c t  with nitronium ion. 

_.. I 

1, 

2. 

3" 

4 .  

C, A 

So J, Kuhn and Go A, Olah, 1. &. =. =., a, 4564 ( l % l ) *  

Go A, Olah, S. Ja L h n ,  and A. Mlinko, J. u. e., 1956, 4257. 
C. K., Ingold and E. Do Hughes, e t a l . ,  u,, m, -0, a d  subsequent papers. 

Olah and S. J. Kuhn, w,, a, 2371, (1956). 
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RESULTS AND DISCUSSION 

Nit ra t ion  r eac t ions  were car r ied  out by adding nitronium te t ra f luorobora te  

t o  a well-stirred a c e t o n i t r i l e  or methylene chloride so lu t ion  of subs t ra te .  

syntheses were car r ied  out  a t  low temperatures (-40 t o  OOC) with shor t  reac t ion  

t.imss (10 minutes t o  one hour). The products w e r e  i so l a t ed  by quenching of the 

r sac t ion  mixtures i n  i ce  water followed by pu r i f i ca t ion  using conventional techniques. 

In  most of the reac t ions  inves t iga ted ,  attempts were not  made t o  f i n d  optimum 

conditions;  hence, t h e  reported y i e lds  may not represent  mximum values. 

The 

Ni t ra t tun  of Amines and Amine Derivatives. - A t  present t he re  are four  good 

(1) the oxidation aethods f o r  t he  preparation of secondary nitramines. 

of nttrosamines by peroxytsffluoroacetic ac id ,  

n i t r a t i o n  o f  amines, 

the a2caline n i t r a t i o n  of amines with acetone cyanohydrin nitrate.' A l l  of the above 

msthods have t h e i r  l i m i t a t i o n s  and are retarded by s t e r i c  or e lec t ronic  fac tors .  The 

They are: , 
( 2 )  t he  chloride-ion catalyzed d i r e c t  

6 7 (3) the n i t r o l y s i s  o f  dialkylamides with n i t r i c  ac id ,  and ( 4 )  

'ess bas ic  a l i p h a t i c  and a l i c y c l i c  carbamates can be n i t r a t ed  smoothly and i n  excellent 

;rAe2as v f t h  n f t r i e  ac id  and a c e t i c  anhydride,9 while diacylamines a r e  only n i t ra ted  

10 ~ ~ t t  difficulty and i n  fa i r  y i e lds  with a nitr ic ac id  - a c e t i c  anhydride mixture, 

Several  secondary a l i p h a t i c  amines of the  type %%NH were converted to t h e i r  

X - u t r o  der%va;azfves i n  y i e l d s  ranging from 50 t o  70 percent by the reac t ion  of 

i- . t roni?na *;etrafluoroborate with two equivalents of t h e  amine i n  methylene chloride 

x : v s n t .  A quant i ta t ive  y i e ld  of t h e  ammonium fluoroborate salt vas a l s o  recorded. 

5 .  W, Do Emons, 2. m. m., 76, 3468 (1954). 

5,s W. J. Chute, KO C. Herring, L. E, Toombs and C. F. Wright, Can. J. Research., - 26B, 89 (1948). 

J, H, Robson ard J. Reinhart, J. 

W. Do &mons and J, Po fieeman, 

H. M. Curry and J, P. Mason, jbid., ay 5 0 0  (14%). 

; 

8 

4 

13, H. F, Kauffmn and A, Burger, Lo mo a., 9, 1662 (1954). 

m. a., '77, 2453 (1955). 

7'7, 4387 (1955). 



45 

The exact r o l e  cf solvent  is not c lear ,  a s  the  same react ion run i n  a c e t o n i t r i l e  

gave a quant i ta t ive  yield of the  ammonium f lnoroborate ,  and l i t t l e ,  if anye of the  

desired secondary a l i p h a t i c  nitnunine. 

urethane and a d i acy l  amine w e  accomplished i n  good yie ld  by treatment of the amine 

der iva t ive  with one equivalent of nitronium tetraf luoroborate .  Table I presents  t he  

amines and amine der iva t ives  which were n i t r a t ed  with nitronium tetraf luoroborate .  

Nitrat ion of an acyl  a l i p h a t i c  amine, a 

Reaction of a primary a l i p h a t i c  amine, 2-butylamine, with nitronium t e t r a -  

Eluoroborate i n  methylene ch lor ide  or a c e t o n i t r i l e  d id  not give the  desired primary 

n i t r amhe ,  but  r a the r  gave q-butyl n i t r a t e  i n  20 percent yield. 

of an electronegat ively subs t i tu ted  primary aromatic amine, picramide, with nitronium 

However, treatment 

te5raf luoroborate  d id  give the primary n i t r amhe ,  N,2,4,6-tetranitroaniline9 i n  

3: percent yield.  Previously, Olah 

olddiaed by nitronium tetraf luoroborate .  

11 
had reported t h a t  a n i l i n e  was Vigorously 

, 

1. 11, C. A. Qlah and S. J. Kuhn, Chem, & Id., _1956, 98. 
\\ 

. 

i 
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TABLE I 

NITRATION OF AMINES AND AMINE DERIVATIVES WITH NITRONIUM TE"LU0ROBORATE 

R I R p  + N02BP4 __c F $ R p 1 2  + HBFL 

Yield of N-nitro 
Amine o r  Derivative der iva t ive .  $ beve  (m.p,). OC Ref. 
Di-g-butylamine 54a 127-129 a t  10 mm 12 

Morpholins 72a (51.0-52.0) 12 

B r B  -Bis(i.yanoethyl)amine 62a (5505-57.0) 13 

Mhyi  g-butylcarbamate 91 75-77 a t  0.8 mm 7 

- 3-Butylacetamide 40 45-47 a t  0.5 m u 
Sue ch imid  e 

Picramide 

43 

85 

(92 e 0-93 0 3) 8 

(78.0b (def .)) 1 5  

9 Mothylene chlor ide solvent ;  a l l  o thers  used ace ton i t r i l e .  

'Caution should be exercised during r ec rys t a l l i za t ion ,  as N92,4,6-tetranitroaniline 
~ R S  been found t o  de f l ag ra t e  a t  temperatures near 50°C while i n  an impure s t a t e .  
An ana ly t i ca l  sample was obtained by r ec rys t a l l i za t ion  from chloroform. 

12. 

13. W, J. Chute, G o  E. Dum, J. C. bcKenzie, Go S. Meyers, G. N. R. Smart, 

C. S, Myers and Go F. Wright, Can. 2. Research, a 2 5 7  (1948). 

J, W. Suggit t  and Go F. Wright, w., s, 114 (1948). 

E, H. White, 2. &, u. =,, 77, 6008 (1955). 1 4 .  

1 5 ,  A. H, B l s t t ,  'Data on Organic Explosives", OSRD-2014, February 28, 194& 
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Nitration of Primary Amides. - Kauffman and Burger’ have reported the 

preparation of materials t en ta t ive ly  ident i f ied  as methyl N-ni t rosucc imida te  and 

e thy l  N-nitrophthalamidate by t h e  a lcoholys is  of N-niti’osuccinimide and N-ni t ro-  

ph th l imide .  

ua3 described as Rqui te  unstable i n  the f r e e  

chemistry of nitramines, Limberton’’ has b r i e f l y  commented on the  r a r i t y  of primary 

nitramides and has speculated t h a t  tNs may be due t o  t h e i r  decomposition under n o m  

n i t r a t i o n  conditions. 

The only other primary nitramide reported is N-nitroacetamide, which 

In  a review a r t i c l e  on the 

Ut i l ia ing  nitronium t e t r a f luo robomte  v f t h  a c e t o n i t r i l e  or methylene chloride 

so lvent  i n  the presence of one equivalent of potassium ace ta t e  ( t o  r e a c t  with the 

hydrofluorobasic acid formed during the reac t ion)  a l i p h a t i c  and a r o m t i c  primary 

amides were converted t o  t h e i r  N-nitro de r iva t ives  i n  f a i r  yields.  

exception of N-nitroacetamide, the primary nitramides prepared thus far have proved 

t o  be r e l a t i v e l y  s t a b l e  s o l i d s  which decompose above t h e i r  melting points.  

s.ss‘;amLde could be obtained only i n  low yie lds  and decomposed dur ing  attempted 

piir-ification, As expected, the primary nitramides were a c i d i c  i n  nature a d  could 

32 converted t o  t h e i r  a lka l f  metal salts by s t i r r i n g  t h e  nitramide with an  ace t a t e  

sal5 i n  a nonaqueous solvent. 

structure a; the  following charac te r i s t fc16  absorption bands were obsemed; a sharp 

;mgle NH band a t  3374-3390 cm-l, two s t rong  N-nitro bands a t  1620-1610 cm-’ and 

1;0’7-1302 cm , and a carbonyl bard sh i f t ed  down t o  1751-1739 ern-'. 
t.he FrlWry nitramides which were prepared, along with t h e i r  f ie lds  and melting points. 

With the 

N-Nitro- 

Infrared spectra ware cons is ten t  with the  proposed 

-1 Table I1 shows 

I&,, 

15. 

V, Unsberg, &., 3, 1092 (1892). 
A. H. m b e r t o n ,  Quart. Revs,, 5p 75 (1951), 

1%- K Nakanfshl, nInfrared Absorption Spectroscopy, P rac t i ca ln ,  Holden-Day, he . ,  
Sa2 Francisco, 1962. 
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Nit.ration of Alkyl Nitronates. 

and Shechterl' appears to be the  only 

m 4 i n i t r o  compourds. We have found 

49 

- The oxidative n i t r a t i o n  reac t ion  of Kaplan 

general method f o r  the preparation of secondary 

that secondary a l k y l  n i t rona tes  (i.e.. , the 

potassium, sodium and l i t h i u m  salts' of 2-nitropropane and nitrocyclohexane) , when 

t r ea t ed  with nitronium te t ra f luorobora te  i n  a c e t o n i t r i l e  give secondary gem-dinitro 

alkanes, although the  y ie lds  were lower than those obtainable by the  oxidative'  

n i t r a t i o n  technique and t h e  ' reactions were characterized by the  formation of 

;onsiderable amounts of psuedonitrole byproduct. 

considerable influence on the  reac t ion ,  as the  potassium salts o f  2-nitropropane 

and nitrocyclohexane, when t rea ted  with nitronium te t ra f luorobora te ,  gave no e- 
d i n i t r o  mater ia l s  and only a 5 percent y i e ld  of t he  corresponding psuedonitrole. 

Under the  same conditions, the  sodium salt of 2-nitropropane gave a 50 percent y i e ld  

of a one-to-one mixture of 2,2-dinitropropane and the psuedonitrole, 2-nitroso- 

nitropropane. 

propane and a 25 percent y i e ld  of t he  psuedonitrole were obtained. 

l i th ium salts of nitrocyclohexane gave s imi la r  y i e lds  of E - d i n i t r o  and psuedo- 

n i t r c l e  de r iva t ives  when reacted with nitronium tetrafluoroborate.  The reac t ions  

of a l k y l  n i t rona te  salts with nitronium t e tmf luo robora t e  are summarized i n  Table 111, 

The ca t ion  appears t o  have a 

With l i th ium isopropyl n i t rona te ,  a 35 percent y ie ld  of 2,2-dinitro- 

The sodium and 

%R2C=N0p  + N02BFL 

M = Ka, Na, and L i  

RlR2C (N02)2 + \R2C (NO) NO2 + Wk 

Dini t ro  products were separated from psuedonitroles by ex t rac t ion  of t he  reac t ion  

mixture with hexane followed by evaporation of t h e  hexane t o  y i e ld  r e l a t i v e l y  pure 

2,2-dinitropropane o r  1,l-dinitrocyclohexane. 

were iden t i f i ed  by elemental and inf ra red  ana lys i s  and by t h e i r  cha rac t e r i s t i c  b lue  

so lu t ions  in benzene. 

17. 

18, 

The hexane-insoluble psuedonitroles 

18 

R. Be Kaplan and H. Shechter, 9. @. m. &., Q9 3535 (1%1). 

H. Shechter and R, B Kaplan, e. , 25, 3980 (1%5) 
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Treatment of a primary a l k y l  n i t rona te  ( iOe . ,  the  potassium, sodium o r  l i th ium salt 

of 1-nitropropane) with nitronium tetrafluoroborate gave a low y ie ld  of the  

corresponding unstable n i t r o l i c  ac id  der iva t ive  which was i den t i f i ed  by inf ra red  

ana lys i s  and neu t r a l i za t ion  with caus t i c  t o  give a b r i l l i a n t  red solution. 

, 

1 9  

RCH=ND$ + ND2BF4 - RC(N02)=MH + W4 

M = K, Na, and L i  

The formation of psuedonitroles and n i t r o l i c  ac id  der iva t ives  during the 

reac t ions  of nitronium te t ra f luorobora te  l e d  US t o  inves t iga te  s iml la r  reac t ions  

with nitrosonium te t ra f luorobora te  (MBF4) e 

a l k y l  n i t rona tes  with nitrosonium te t ra f luorobora te  appeared t o  be influenced by the 

ca t ion ,  as the potassium, sodium and l i th ium salts of 2-nitropropane when treated 

with nitrosonium t e t ra f luorobora te  gave 60, 80 and 95 percent y ie lds ,  respectively,  

of t he  psuedonitrole, 

nftrocyclohexane were reacted u i t h  nitrosonium tetrafluoroborate.  

Again, t he  reac t ion  of salts of secondary 
. -  

Similar y ie lds  of psuedonitrole were obtained when salts of 

Table I V  presents 

t h e  experimental da t a  obtained 

nitrcsonium te t ra f luorobora te .  

from the  reac t ion  o f  a lky l  n i t rona te  salts with 

19. C, R. N * i l l ? T b  "Texttook of Organic Chemistry", W. Bo S u n d e r s  and Co., 
London, 2358, p. 200. 



5 i  

TABLE I11 

NITRATION OF ALKYL. NITRONATE SALTS WITH NITRDNIUM TETRAFLUOROE3RATE 

4 R1R2C=NOP + N02i3F4 - R1R2C(N02)2 + qR2C(NO)N02 + MBF 

Alkyl % Yield Alkyl % Yield - Cation Nitronate Dini t ro  Psuedonitrole Nitronate Dini t ro  Psuadonitrole 

L i  1 sopropyl 35 25 cyclohexyl 35 25 

Na isopropyl 25 25 cyclohexyl 25 25 

K isopropyl 0 5 cyclohexyl 0 5 

Na Propyl 0 5a 

a Yield da ta  estimated from weight of crude react ion product which was shown t o  be 
propylni t rol ic  acid by infrared ana lys i s  and neut ra l iza t ion  t o  give a red solution. 
Pmduct decomposed before f u r t h e r  character izat ion could be accomplished. 

TABLE I V  

NITROSATION OF ALKYL NITRONATE SALTS WITH NITROSONIUM TETRAFLUORDBORATE 

R1R$=NO2M + NOW4 - %R2C(NO)ND2 + m h  

Alkyl b Yield, Alkyl % Yield, 
-- Cation Nitronate Psuedoni t r o l e  Nitronate P Psued o n i  t r o l e  

L i  isopropyl 95 cyclohexyl 95 

Na isopropyl 80 cyclohexyl 80 

K 1 so p r  opyl 60 cyclo hexyl 60 

Na propyl . 85a 

a Yield d a t a  estimated from weight of crude react ion product, which decomposed before 
complete character izat ion could be accomplished. Product ten ta t ive ly  iden t i f i ed  as 
propylni t rol ie  ac id  by infrared and neut ra l iza t ion  t o  give a red solut ion.  
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- EXPERIMENTAL 

Melting and bo i l ing  poin ts  a r e  uncorrected. Reactions involving n i t r o n i m  

te t ra f luorobora te  Yere ca r r i ed  ou t  i n  a d r y  box under a nitrogen atmosphere. 

Elemental analyses were conducted a t  the  Analytical  Laboratories of Aerojet-General 

Corporation, Sacramento, Cal i forn ia .  

2 Nitronium Tetrafluoroborate.  - The procedure of Olah and Kuhn was followed, 

i n  which n i t r i c  ac id ,  hydrogen f luo r ide  and boron t r i f l u o r i d e  were allowed t o  r eac t  

i n  a su i t ab le  solvent. 

i n  view of  the reported mineral ac id  sens i t i za t ion  of nitromethane toward detonation, 

i t  w a s  decided to employ 2-nitropropane as solvent. 

was necessary t o  wash the  nitronium te t ra f luorobora te  d t h  Freon 113 and dry the 

nitronium sal t  f o r  four hours a t  60% u d e r  reduced pressure (1 mm) t o  ensure 

complete removal of solvent,  

A t  t h i s  po in t ,  it should be mentioned t h a t  occassional batches of nitronium 

The previously reported so lvent  was nitromethane; however, 

I n  t h i s  modified procedure i t  

t e t r a f luombora te  have exhibited poor n i t r a t i n g  a b i l i t y .  

usua l ly  been associated wi th  t h e  sample of nitronium te t ra f luorobora te  adsorbing 

moisture, even under dry  box conditions. 

The poor r e a c t i v i t y  has 

Repara t ion  of  Secordary Aliphatic Nitramines. - The following procedure i s  

typ ica l  o f  that used during the reac t ion  of secondary a l ipha t i c  amines with nitronium 

tetmf' luoroborate.  A so lu t ion  of @,@~-&(cyanoethyl)amine (10.0 g ,  0.08 mole) i n  

60 m l  o f  methylene ch lor ide  was cooled t o  -3OOC and 5.3 g (0.04 mole) of nitronium 
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t e t ra f lu3vobsra te  was added over a ten-minute period. 

one hour a t  OOC,  then four  hours a t  room temperature. 

sa l t  of ,3yp~-&(cyanoethyl)amine, (8,3 g, 9% yield,  mop. 159-160OC) was removed 

by f i l t r a t i o n  

The mixture was s t i r r e d  for  

The hydrofluoroboric acid 

Anal.: Calcd. f o r  C6HloN3BF4: C, 34.2; H, 4.8;  N, 19.9. Founds C, 34.8; 

H ,  4.9; N, 21.2. 

The f i l t r a t e  was concentrated under reduced pressure t o  leave  crude B,,p’-&(cyanoethyl)- 

nitramine, which a f t e r  one r e c r y s t a l l i z a t i o n  from methanol gave a product (3.3 g, 

62% yield) which melted a t  55.5-57.0°C ( l i t .  value 

secondary a l ipha t i c  nitramines prepared, along with t h e i r  y ie lds  and melting or 

boi l ing  points a r e  presented i n  Table I. 

13 
55.5-56.8OC). The o ther  

Preparation o f  Acyl N-Nitroamine Compounds. - The following procedure i s  

typ ica l  o f  t h a t  employed f o r  the  preparation of acyl  N-nitro der iva t ives .  Ethyl E- 

butylcarbamate (4.0 g, 0.03 mole) was dissolved i n  50 m l  of ace ton i t r i l e ,  cooled t o  

-3QoP and treated with 4.0 g (0.03 mole) of nitronium te t ra f luorobora te .  The 

so lu t ion  was allowed t o  warm, with s t i r r i n g ,  to O°C and quenched i n t o  200 m l  of 

i c e  water. 

dr ied  over anhydrous magnesium su l fa te .  

of  e thy l  N-nitro-z-butylcarbamate (b.p. 75-77 a t  0.8 mm, 3 1.476, lit ,  value 

l.@8) was obtained by f r a c t i o n a l  d i s t i l l a t i o n  under reduced pressure. 

A yellow oil separated which was dissolved i n  methylene chloride and 

After removal of solvent,  5.0 g (91% yie ld)  

7 

Other 

acy l  N-nitroamine der iva t ives ,  with t h e i r  y i e lds  and melting o r  bo i l ing  points are 

- 21 
3 

shown i n  Table I. 

m f  Primary Nitram-. - The following is  typ ica l  of t he  procedure 

used f o r  the preparation of primary nitramides. 

(0.10 mole) of 2-chloroacetamide and 10.5 g (0.11 mole) of potassium ace ta t e  in 50 m l  

of ace ton i t r i l e  a t  -350 was slowly added 15.0 g (0.11 mole) nitronium tetrafluoroborate.  

To a s t i r r e d  suspension of 9,O g 



The temperature was maintained a t  

(25 m l )  was added and the  mixture 

54 

-35 t o  -300 f o r  

allowed t o  w a r m  

30 minutes. Nethylene chlor ide 

t o  loo and t h i s  temperature 

maintained for 30 minutes. 

f i l t r a t e  evaporated t o  dryness  under reduced pressure.  The res idue  was dissolved i n  

methylene chlor ide and passed through a s i l i ca  ge l  column t o  y ie ld  12.5 g of a l i g h t  

yellow s o l i d ,  map. 76-77O. Recrys ta l l iza t ion  from butyl  chlor ide gave 7,4 g (54,5% 

yie ld)  of a white s c l i d ,  m.p. 80-820, ident i f ied  as N-nitro-2-chloroacetamide by 

inf ra red  and elemental analyses. 

pcznts and a n a l y t i c a l  d a t a  are presented i n  Table 11. 

The suspendd s o l i d s  were removed by f i l t r a t i o n  and the 

The y ie lds  of primary nitramides,  t h e i r  melting 

Preparat ion of gem-Dinitroalkanes. - A methanolic so lu t ion  of a lka l i  metal 

hydroxide (Li, Na, or K)  was t rea ted  with 10% excess ni t roalkane and allowed to 

s t i r  for 70 minutes. 

a l k a l i  metal a l k y l  n i t r o n a t e  dried over phosphorous pentoxide under reduced pressure 

(0.1 mm) f o r  2.4 hours. 

(Caution: 

The so lu t ion  was then evaporated t o  dryness i n  vacuo and the 

Nitronate salts may be shock s e n s i t i v e  and have been 
known t o  explode after prolonged storage).. 

Shoun belou is a procedure t y p i c a l  of t h a t  used f o r  the  preparation of Em-dinf t ro-  

wkanes. 

a c e c o n i t r i l e  was cooled to -35% end 2.7 g (0.02 mole) o f  nitronium tetraf luoroborate  

was ,Icwly added. 

h r i l l r sn :  b lue  co lor  upon t h e  f h s t  addi t ion  of nitronium tetraf luoroborate .  

reac,;cn mixrure was s t i r r e d  for two hours a t  -30 t o  -L+OoC, then f i l t e r e d  t o  give a 

quant i -a r ive  y ie ld  o f  pctassium te t raf luoroborate .  

I C 0  m i  cf i c e  water to y i e l d  a n  insoluble  o i l ,  which was dissolved i n  methylen6 

A slurry o f  3.3 g (0.02 mole) of lithium cyclohexylnitronate i n  50 m l  of 

The r e a c t i o n  was not  exothermic and t h e  react ion mixture turned a 

The 

The f i l t r a t e  w a s  quenched i n t o  
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chlor ide  and d r i ed  omr anhydrous magnesium su l f a t e .  

pressure l e f t  a semisolid which was extracted with hexane. 

residue (0.8 g, 25% yie ld)  was a white powder iden t i f i ed  a8 1-nitroso-1-nitrocyclohexane, 

mop. 78.0-79.0 (blue melt). 

Removal of so lvent  under reduced 

The hexane-insoluble 

Anal.: Calcd. f o r  C630N203: C, 46.6; H, 6.4; N, 17.7. Found: C ,  46.4; 

H, 6-4; N, 18.0. 

Evaporation of the  hexane extract under reduced pressure followed by f r a c t i o n a l  

d i s t i l l a t i o n  gave 1.2 g (35% y i e l d )  of 1,Ldinitrocyclohexane (b.p. 62-63O a t  0.5 mm, 

L i t .  value 

de r iva t ives  obtained from t h e  reac t ion  of o ther  salts of alkyl ni t rona tes  are shown 

i n  the  Table 111. 

17 
bop. 670 a t  0.7 mm). The y i e lds  of E - d i n i t r o  and psuedonitrole 

p remra t ion  of Psuedonitroles. - The procedure used during the  preparation of 

psuedonitroles was i d e n t i c a l  t o  that described above f o r  the preparation of m - d i n i t r o  

alkanes, except t h a t  nitrosonium te t ra f luorobora te  was used i n  place of nitronium 

teLrafluoroborate. The y ie lds  of psuedonitrole obtained from the  various n i t rona te  

salts a r e  presented i n  Table I V .  
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